Cross sections for neutron-evaporation reactions from compound nuclei produced by bombardment of gold with carbon ions and of platinum with nitrogen ions have been determined. The magnitudes of the cross sections are considerably lower than would be predicted on the assumption that neutron emission is the only important mode of decay of the intermediate nuclei. This observation is explained on the basis of fission competition with neutron emission. To a much lesser extent) charged-particle evaporation is also a competing mode of decay. The arguments presented indicate that fission occurs either with comparable magnitudes in several nuclei in the neutron-evaporation chain) or preferentially in one or two nuclei near the end of the chain) rather than predominantly in the initial compound nucleus. Problems arising from the possible existence of isomers in the odd-odd astatine nuclides are discussed.
6 Angular distributions of fragments from heavy-ion-i.nduced fission have been studied by Viola, Thomas, and Seaborg, 7
Britt and QUinton,l Goldberg, Reynolds, and Kerlee,2 Gordon et al., 4and Sikkeland et aL 5
We have measured the cross sections for production of various astatine 212 210 209 nuclides by neutron evaporation from At ,At ,and At compound nuclei 12 14- formed by C and N bombardments of gold and platinum, respectively. This work was done in order to account for another part of the total interaction cross section of heavy ions with gold and platinum nuclei and to provide some rather specific pieces of information that must be fitted by any theory that attempts to describe the heavy-ion reactions. The specific nature of the information furnished by measurements on the products formed by neutron evaporation arises from the fact that production of such an astatine nucleus means that fission and (or) charged-particle emission has not occurred in that UCRL-9950 particular evaporation chain, whereas observation of a fission fragment or charged particle does not alone indicate in which nucleus the event originated, nor what other events preceded or followed the observed event.
II . EXPERIMENTAL WORK
A. General
In C 12 bombardments of Au 197 , two types of experiments were done. In one series of experiments, a thin gold target was bombarded with C 12 ions of various energies) and the production of one or two prominent astatine activities was~uantitatively measured at each energy. In other experiments, hereinafter designated "ratio experiments", stacked foils (consisting of gold targets and aluminum foils) were bombarded and the ratios of production of low-activity astatine nuclides to that of the prominent activities were measured. For measurements of Pt(N 14 ,xn) cross sections, in addition to those two types of experiments, it was necessary to do ratio experiments on a target of platinum enriched in pt 198 .
Bombardments were done at the Berkeley heavy-ion linear accelerator (Hilac), which accelerates heavy ions to 10. The production of prominent astatine activities was determined~uantita-tively by use of a target chamber designed to allow rapid removal of the foil containing the reaction products. A collimator and absorbers, mounted on probes which could. be inserted into the beam path, were placed in another chamber hemly·-ion bombardment) the recoil catcher was cut up and the alpha particles being emitted from each sample were counted to obtain the desired amounts of tracer activitYo
Following the heavy-ion bombardment) the recoil catcher containing the heavy-ion-produced activiti.es and a plate containing a known amount of tracer activity were simultaneously dissolved in 8M HCl. The astatine was separated from other alpha-emitting activities (mainly polonium) by extraction into di-i.sopropyl ether (DIPE) 0 The DIPE fraction was transferred to a platinum counting disk and evaporated to dryness under a heat lamp.
"Ratio Experiments"
When it was necessary to measure only the ratios of the various activities produced) the double-vaporization method described in reference 14
was usedo The samples produced by this method) being essentially mass-free gave well-resolved alpha-particle energy spectra (full width at half-maximum of the peaks approx 30 to 35 kev). The samples obtained from the chemical separation procedures which employed DIPE were rather thick) giving much more poorly resolved spectra,. This was one of the reasons for doing the ratio experiments to determine yields of the less prominent activities. Also) the vaporization method was faster) allowing one to obtain better counting statistics for some of the very short-lived astatine nuclides. During the periods of counting (up to 8 hr) no loss of astatine from the counting plates was observed.
D. Counting Procedures
The only absolute counting was that of the plates containing At 211 211 ( 211) tracer. The alpha particles from At . and EC daughter) Po were counted in an ionization chamber having 5010 geometry.
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For determining the ratio of prominent astatine alpha activities to that of the At 211 ) alpha particles emitted from the samples produced by the method involving extraction into DIPE were pulse analyzed in an alpha grid chamber connected to a 50-or 100-channel pulse-height analyzer. Decay properties of the astatine and polonium nuclides of interest are listed in (as with At204_At205 and At206_At207) for example) the energies of the alpha groups from two or more isotopes were so close together that their corresponding peaks could not be cleanly separated. In these cases) the counting rate corresponding to the combined peaks was plotted as a function of time and the decay curve was analyzed into its components.
E. Calculation of Cross Sections
Cross sections were calculated in the usual manner) using the branching ratios and half lives listed in Table I . For gold bombardments) the information from the ratio experiments was simply combined with that from the~uantitative experiments to obtain the cross-section curves shown in Fig. 1 .
For the natural platinum targets) the prominent activity) At 203 or At 205 ) (or both) was usually produced by more than one reaction because of the presence of the many platinum isotopes; thus) these~uantitative experiments y~elded the sum of the weighted cross sections of the several reactions producing the activity. Ratio experiments were done using both natural p~atinum and -7-
. . 212 lS The 1.7-hr isomer is also formed In the alpha decay of Fr . In this work, the 1.7-hr isomer was freQuently observed, but no evidence for production of the 6.3-hr activity was found. Unfortunately, the alpha activity of the
, was too weak an the alpha branching ratio of the 1.7-r t too uncertain to permit us to set an upper limit on the ratio of production of UCRL-9950 the 6.3-hr isomer to that of the 1.7-hr one. Thus it would appear that heavyion reactions produce short-lived odd-odd astatine isomers, whereas helium-ion bombardments yield the longer-lived isomers. In searching for an explanation of this result, one's first inclination might be to suggest that the isomers, having very different spins, are piCoduced in a ratio that is strongly dependent upon the angular momentum deposited in the compound nucleus in the reaction.
This explanation is, however, unattractive for two reasons: to "wash out" differences in the spin spectra of nuclei resulting from He 4 or heavy-ion bombardments.
(b) It seems unlikely that an angular momentum effect would be this exclusive, ioe., that one of the isomers is formed nearly exclusively in one type of bombardment and almost not at all in the other type of reaction.
Clearly this problem of odd-odd astatine isomers is unresolved, and more work should be done on ito
It should be noted that the peak heights of the various excitation functions for the Au197(C12,xn) reactions do not show a smooth behavior with increasing number of neutrons emitted. Some of the curves may be low because of failure to account for the formation of isomers that do not decay by alpha emission or that have very short half lives for alpha emission. The effect might also result from errors in the alpha branching ratios of the polonium isotopes upon which the alpha branching ratios of the astatine isotopes were 14 based,.
In Fig. 4 we have plotted the sum of the "reduced cross sections" for the production of nuclides resulting from neutron-evaporation reactions as a 
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function of excitation energy of the initial compound nucleus for the various systems studied. (The "reduced cross section" is the actual cross section divided by the cross section for compound-nucleus formation) which is here taken to be that calculated by Thomas 24 ) . For Au + C 12 ) this sum decreases from 0.20 at low energies to~0.05 at the highest energies) and for Pt + N 14 )
from ''-'0.7 to about 0.060 This is in contrast to the observations by Bell and Skarsgard) who found) for protons on bismuth to produce excitation energies in the range studied here) that the sum of the p)xn cross section was nearly equal to the calculated reaction~ross section over the entire energy range. 
IV. SUMMARY UCRL-9950
We have found that the reduced cross sections for the formation of products resulting from neutron evaporation in heavy-ion-induced reactions in the astatine region are substantially less than the cross sections for formation of such products in proton-induced reactions. The principal competing reaction in the heavy-ion-induced reactions is fission.
